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(57) A catalyst is provided for polymerization of 
olefin. The catalyst is formed by bringing into 
contact a metallocene compound, an ionizing 
ionic compound, an organometallic compound, 
and an inorganic oxide having surface hydroxyl 
substitut ed^B grtly or entirely by halogen. A pro- 
cess To7 r *poiymenzation or oletin is also pro- 
vided which employs the above catalyst. This 
catalyst enables production of polyolefin having 
excellent physical properties in a well-regulated 
powder shape in high efficiency. 
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Background of the Invention: 
Field of the Invention: 

The present invention relates to a catalyst for 
polymerization of olefin formed from a metallocene 
compound, an ionizing ionic compound, an organo- 
metallic compound, and an inorganic oxide in which 
the surface hydroxyl is substituted by halogen. The 
present invention also relates to a process for poly- 
merization of olefin employing the above catalyst. 

Description of the Related Art 

Japanese Patent Application Laid-Open No. 3- 
197513 discloses polymerization of ethylene by use 
of a metallocene compound and an organoaluminum 
compound as the catalyst. Japanese Patent Applica- 
tion Laid-Open No. 3-290408 discloses production of 
polyethylene or ethylene copolymer by use of a zirco- 
nocene compound, an organoaluminum compound, 
and an organomagnesium compound. Japanese Pa- 
tent Application Laid-Open No. 58-19309 (Kaminsky 
et al.) and other papers disclose catalysts employing 
a metallocene and methylaluminoxane for production 
of polyolefin including polypropylene with high cata- 
lytic activity. Japanese Patent Application Laid-Open 
No. 63-51407 discloses suspension or gas-phase 
polymerization of olefin with a catalyst formed from a 
metallocene and methylaluminoxane as the catalyst 
components, one or both of the catalyst components 
being supported on an inorganic oxide carrier such as 
silica. However, such catalyst systems require use of 
a large amount of relatively expensive methylalumi- 
noxane to produce a polymer having industrially use- 
ful properties. Therefore, such catalyst systems have 
disadvantages of high cost, and a large amount of re- 
sidual aluminum in the polymer, and so forth. 

Recently, Japanese Patent Application Laid- 
Open Nos. 3-124706 and 3-207704 disclosed cata- 
lysts having high activity in polymerization of olefin in- 
cluding propylene, prepared by combining an ionic 
metallocene with an organoaluminum compound. The 
specifications of these patent applications show that 
the ionic metallocene catalyst, the main catalyst, 
needs to be prepared by converting a chloride of a 
metallocene compound into a methyl derivative by a 
methylating agent such as methyilithium or methyl- 
magnesium chloride and subsequent reaction of the 
resulting methyl derivative with an ionizing ionic com- 
pound. However, the methyl derivatives of the metal- 
locene compounds and the ionizing metallocene cat- 
alysts disclosed are generally unstable and can be 
synthesized only through several complicated steps 
of high technical level. Therefore, such catalyst sys- 
tems involve various disadvantages such as low pur- 
ity of the catalyst, low reproducibility of the prepara- 
tion process, deactivation in storage and in transfer to 
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a polymerization vessel. 

Japanese Patent Application Laid-Open No. 3- 
234709 discloses suspension or gas-phase olefin 
polymerization by use of a catalyst comprising the 

5 above ionic compound supported by an inorganic ox- 
ide carrier such as silica. This catalyst system does 
not yet show sufficient catalytic activity, and the un- 
stable compounds including the methylderivative of 
the metallocene compound and the ionic metallocene 

io compound can be synthesized only through several 
complicated steps of high technical level, disadvanta- 
geously. 

WO92/01723 discloses polymerization of propy- 
lene by use of a catalyst prepared by treating a halo- 

15 genated metallocene compound with an organome- 
tallic compound, and bringing the reaction product 
into contact with another compound to form a stable 
anion. The catalyst system, however, does not yet 
show sufficient catalytic activity, and is required to 

20 have higher activity. 

After comprehensive investigation to solve the 
above problems, it was found by the inventors of the 
present invention that particulate polyolefin having 
excellent physical properties can be produced effi- 

25 ciently by polymerization of olefin by use of a catalyst 
prepared from a metallocene compound, an ionizing 
ionic compound, which is capable of causing other 
corresponds to ionize an organometallic compound, 
and an inorganic oxide in which the hydroxyl on the 

30 surface thereof is substituted partly or entirely by ha- 
logen. The present invention was completed on the 
basis of the above findings. 

Summary of the Invention: 

35 

The present invention intends to provide a cata- 
lyst suitable for polymerization of olefin which is pre- 
pared from a metallocene compound, an ionizing ion- 
ic compound, an organometallic compound, and an 
40 inorganic oxide in which the hydroxyl on the surface 
thereof is substituted partly or entirely by halogen. 

The present invention also intends to provide a 
process for producing polyolefin with the above olefin 
polymerization catalyst 
45 The catalyst for polymerization of olefin of the 
present invention is prepared by bringing into contact 
together a metallocene compound, an ionizing ionic 
compound, an organometallic compound, and an .in- 
organic oxide: 

so the metallocene compound being represented by the 
general formula (1) below: 

Cp 2 MX 2 (1) 
where each of Cp is independently a substituted or 
unsubstituted cyclopentadienyl, indenyl, orfluorenyl 

55 group, and both of the Cp may be linked together M 
is titanium, zirconium, or hafnium; and each X is inde- 
pendently halogen, an alkoxy group, an amino group, 
or an amide group. 
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the ionizing ionic compound being represented by the 
general formula (2) below: 

(<T)(A-) (2) 
where (C*) is a cation, which may be inorganic for ex- 
ample an alkali metal or an alkaline earth metal or an 
organic cation, and (A~) is an anion, 
the organometallic compound being represented by 
the general formula (3) below: 

M'R 3 (3) 
where M' is a metal capable of forming an M'-R bond 
which is reactive to M-X bonding of the metallocene 
compound, and each R is independently a hydrocar- 
bon group, halogen, hydrogen, an amino group, an al- 
koxy group, or an aryl group, at least one R being a 
hydrocarbon group, and the inorganic oxide having 
surface hydroxy! substituted partly or entirely by ha- 
logen. 

The process of polymerization of the present in- 
vention polymerizes an olefin in the presence of the 
above olefin polymerization catalyst. 

Detailed Description of the Preferred Embodiment: 

The metallocene compound as a component of 
the catalyst of the present invention is the one repre- 
sented by the general formula (1 ) above. In the formu- 
la, M is titanium, zirconium, or hafnium, and X is inde- 
pendently halogen, an alkoxy group, an amino group, 
or an amide group. 

Specific examples of the metallocene compound 
which has chlorine as the group X include: 
bis(cyclopentadienyl)titanium dichloride, 
bis(cyclopentadienyl)zirconium dichloride, 
bis(cyclopentadienyl)hafnium dichloride, 
bis(methylcyclopentadienyl)titanium dichloride, 
bis(methylcyclopentadienyl)zirconium dichloride, 
bis(methylcyclopentadienyl)hafnium dichloride, 
bis(butylcyclopentadienyl)titanium dichloride, 
bis(butylcyclopentadienyl)zirconium dichloride, 
bis(butylcyclopentadienyl)hafnium dichloride, 
ethylenebis(indenyl)titanium dichloride, 
ethylenebis(indenyl)zirconium dichloride, 
ethylenebis(indenyl)hafnium dichloride, 
isopropylidene(cyclopentadienyl-1-fluorenyl)titanium di- 
chloride, 

isopropylidene(cyclopentadienyl-1-fluorenyl)zirconium 
dichloride, 

isopropylidene(cyclopentadienyl-1-fluorenyl)hafnium di- 
chloride, 

dimethylsilanediylbis(2,4,5-trimethylcyclopenta- 
dienyl)titanium dichloride, 

dimethylsilanediylbis(2,4-dimethylcyclopentadienyi)ti- 
tanium dichloride, 

dimethylsilanediy1bis(3-methylcydopentadienyl)titanium 
dichloride, 

. dimethylsilanediylbis(4-t-butyl,2-methylcyclopenta- 
dieny1)titanium dichloride, 
dimethylsilanediylbis(tndenyl)titanium dichloride, 



dimethylsilanediylbis(2,4,5-trimethylcyclopenta- 
dienyi)zirconium dichloride, 
dimethylsilanediylbis(2,4-dimethy1cyclopentadieny1)zir- 
conium dichloride, 
5 dimethylsilanediylbis(3-methylcyclopentadienyl)zirco- 
nium dichloride, 

dimethylsilanediylbis(4-t-butyl t 2-methylcyclopenta- 
dienyi)zirconium dichloride, 
dimethylsilanediylbis(indenyl)zirconium dichloride, 
10 dimethylsilanediylbis(2,4,5-trimethylcyclopenta- 
dienyi)hafnium dichloride, 

dimethylsilanediylbis(2,4-dimethylcyclopentadienyl)haf- 
nium dichloride, 

dimethylsilanediylbis(3-methylcyciopentadienyl)hafnium 
15 dichloride, 

dimethylsilanediylbis(4-t-butyl,2-methylcyclopenta- 

dienyl)hafnium dichloride, 

dimethylsilanediylbis(indenyl)hafnium dichloride, 

diphenylsilanediylbis(2,4,5-trimethylcyclopentadie- 
20 nyl)titanium dichloride, 

diphenylsilanediylbis(2,4-dimethylcyclopentadieny1)ti- 

tanium dichloride, 

diphenylsilanediylbis(3-methylcyclopentadienyl)tita- 

nium dichloride, 
25 diphenylsilanediylbis(4-t-butyl,2-methylcyclopenta- 

dienyl)titanium dichloride, 

diphenylsilanediylbis(indenyl)titanium dichloride, 

diphenylsilanediylbis(2,4,5-trimethylcyclopenta- 

dienyl)zirconium dichloride, 
30 diphenylsilanediylbis(2,4-dimethylcyclopentadienyt)zir- 

conium dichloride, 

diphenylsilanediylbis(3-methylcyclopentadienyl)zir- 
conium dichloride, 

diphenylsilanediylbis(4-t-butyi,2-methylcydopentadie- 
35 nyl)zirconium dichloride, 

diphenylsilanediylbis(indenyl)zirconium dichloride, 
diphenylsilanediylbis(2,4,5-trimethylcyclopenta- 
dienyl)hafnium dichloride, 

diphenylsilanediylbis(2,4-dimethylcyclopentadieny1)haf- 
40 nium dichloride, 

diphenylsilanediylbis(3-methylcyclopentadienyl)haf- 
nium dichloride, 

diphenylsilanediylbis(4-t-butyl,2-methylcyclopenta- 
dienyl)hafnium dichloride, 
45 diphenylsilanediylbis(indenyl)hafnium dichloride, and 
the like. 

Of the above examples of the metallocene, par- 
ticularly preferred in view of their activity are: 
dimethylsilanediylbis(2,4,5-trimethylcyclopentadienyl)ti- 
50 tanium dichloride, 

dimethylsilanediytbis(2,4-dimethylcydopentadienyl)ti- 
tanium dichloride, 

dimethylsilanediylbis(3-methylcydopentadienyl)tita- 
nium dichloride, 
55 dimethylsilanediylbis(4-t-butyl,2-methylcyclopenta- 
dienyl)titanium dichloride, 
dimethylsilanediylbis(indenyl)titanium dichloride, 
dimethylsilanediylbis<2 t 4,5-trimethylcyclopenta- 




dienyi)zirconium dichloride, 

dimethylsilanediylbis(2,4-dimethylcyclopentadienyl)2ir- 
conium dichloride, 

dimethylsilanediylbis(3-methylcyciopentadienyl)zir- 
conium dichloride, 

dimethylsilanediylbis(4-t-butyi,2-methylcyclopentadie- 
nyl)zirconium dichloride, 

dimethylsilanediylbis(indenyl)2irconium dichloride, 
dimethylsilanediylbis(2,4,5-trimethylcyclopentadie- 
nyl)hafnium dichloride, 

dimethylsilanediylbis(2,4-dimethyicyclopentadienyl)haf- 
nium dichloride, 

dimethylsilanediylbis(3-methylcyclopentadienyi)haf- 
nium dichloride, 

dimethylsilanediylbis(4-t-butyl,2-methylcyclopentadie- 
nyl)hafnium dichloride, 

dimethylsilanediylbis(indenyl)hafnium dichloride, 
diphenylsilanediylbis(2,4,5-trimethylcyclopentadienyl)th 
tanium dichloride, 

diphenylsilanediylbis(2 f 4-dimethylcyclopentadienyl)ti- 
tanium dichloride, 

diphenylsilanediylbis(3-methylcyclopentadieny1)tita- 
nium dichloride, 

diphenylsiianediylbis(4-t-butyl,2-methylcyclopentadie- 
nyl)titanium dichloride, 

diphenylsilanediylbis(indenyl)titanium dichloride, 
diphenylsilanediylbis(2,4,5-trimethylcyclopentadienyl)2ir- 
conium dichloride, 

diphenylsilanediylbis(2,4-dimethylcyclopentadienyl)zir- 
conium dichloride, 

diphenylsilanediylbis(3-methylcyclopentadienyl)zir- 
conium dichloride, 

diphenylsilanediyibis(4-t-butyl,2-methylcyclopentadie- 
nyl)zirconium dichloride, 

diphenylsilanediylbis(indenyl)zirconium dichloride, 
diphenylsilanediylbis(2,4,5-trimethylcyclopentadie- 
nyl)hafnium dichloride, 

diphenylsilanediylbis(2,4-dimethytcyclopentadienyl)haf- 
nium dichloride, 

diphenylsilanediylbis(3-methylcyclopentadienyl)haf- 
nium dichloride, 

diphenylsilanediylbis(4-t-butyl ( 2-methylcyclopentadie- 
nyl)hafnium dichloride, and 
diphenylsilanediylbis(indenyl)hafnium dichloride. 

Of the compounds in which X is other than chlor- 
ine, the ones corresponding to the above chlorides 
are mentioned as the examples of the metallocene. 
However, the metallocene compound of the general 
formula (1) is not limited to the above-mentioned 
compounds. 

The ionizing ionic compound employed in the 
present invention is represented by the general for- 
mula (2). In the formula, (C + ) preferably includes or- 
ganic cations such as ones having an active proton, 
such as Bronsted acids, for example trimethylammo- 
nium, triethylammonium, tripropylammonium, tribu- 
tylammonium, N t N-dimethylanilinium, N,N-diethyla- 
nilinium,, N,N-2,4,5-pentamethyianilinium, triphenyi- 



phosphonium, tri(o-tolyl)phosphonium, tri(p-tol- 
yl)phosphonium, tri(mesityi)phosphonium as well as 
organic cations which do not have an active proton, 
such as carbonium, oxonium, and sulfonium cations 
5 for example triphenylcarbenium CCfCeHsh), and tro " 
pylium ( + C 7 H 7 ), but is not limited thereto. 

In the formula (2), (A*) is an anion, and is prefer- 
ably exemplified by a bulky non-coordinated anion 
such as 

10 (AIFV); (BFV), (PfV), and (CICV); specifical- 

ly including tetraphenylborate, tetra(pentafluorophe- 
nyl)borate, tetra(o-fluorophenyi)borate, tetra(p-fluo- 
rophenyl)borate,tetra(m-fluorophenyl)borate, tet- 
ra(3,5-difluorophenyl)borate, tetra(2,5-difluorophe- 
15 nyl)borate,tetra(2.6-difluorophenyl)bbrate, tetra(o- 
tolyl)borate, tetra(p-tolyl)borate, tetra(3 f 5-dimethyl- 
phenyl)borate, tetra(2,5-dimethylphenyl)borate, oc- 
tadecaborate, dodecaborate, 1-carba-undecaborate, 
1-carba-dodecaborate, and the like. 
20 Examples of the PR 6 " anion include hexafluoro- 
phosphates such as tri(n-butyl)ammonium hexaf luor- 
ophosphate, N,N-dimethylanilinium hexafluorophos- 
phate, sodium hexafluorophosphate, and bis(cyclo- 
pentadienyl)ferrocenium hexafluorophosphate. 
25 Some examples of halate includes perchlorates 

such as tri(n-butyl)ammonium perchlorate, N,N-di- 
methylanilinium perchlorate, sodium perchlorate, and 
bis(cyclopentadienyl)ferrocenium perchlorate. 

The ionizing compound is exemplified specif ical- 
30 ly by dimethylanilinium tetrakispentaf luorophenylbor- 
ate, triphenylcarbenium tetrakjspentafluorophenyl- 
borate, tropylium tetrakispentaf luorophenylborate, 
etc., but is not limited thereto. 

The organometallic compound employed in the 
35 present invention is represented by the general for- 
mula (3). In the formula, NT is a metal capable of form- 
ing an IvV-R bond which is reactive to the M-X bond 
of the aforementioned metallocene. The metal in- 
cludes alkali metals, alkaline earth metals, transition 
40 metals, aluminum, silicon, germanium, and the like. 
Each R is independently a hydrocarbon group, hydro- 
gen, halogen, an amino group, an alkoxy group, or an 
aryl group, and at least one R is a hydrocarbon group. 
Specific examples of the organometallic com- 
45 pound in which M' is aluminum include trimethylalu- 
minum, triethylaluminum, tri-n-propylaluminum, trii- 
sopropylaluminum, tri-n-buty!aluminum, triisobutyla- 
luminum, tri-t-butylaluminum, triamylaluminum, di- 
methylaluminum chloride, diethylaluminum chloride, 
so diisobutylaluminum chloride, di-t-butylaluminum 
chloride, diamylaluminum chloride, methylaluminum 
dichloride, ethylaluminum dichloride, isobutylalumi- 
num dichloride, t-butylaluminum dichloride, amylalu- 
minum dichloride. etc., but are not limited thereto. 
55 The inorganic oxide employed in the present in- 

vention is a porous fine-powdered oxide having an 
average particle diameter of preferably from 1 to 300 
^m (micrometres), more preferably from 10 to 100 



• 
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lam, specifically including oxides of typical elements 
such as silicon, aluminium and magnesium for exam- 
ple silica, alumina, and magnesia; oxides of transition 
metals such as titanium and zirconium for example ti- 
tania, and zirconia; double oxides such as silica-alu- 
mina, and silica-magnesia; and the like. Such solid in- 
organic oxides usually contain, as an impurity, salts 
of alkali metals and alkaline earth metals, e.g. Na 2 0, 
K 2 C0 3 , BaS0 4 etc. The above porous fine-powdered 
solid inorganic oxide may be used without the impur- 
ity being removed. Preferably, however, the impurity 
is removed from the solid inorganic oxide before use. 
The properties of the porous fine-powdered solid in- 
organic oxide depend on the kind of the compound 
and the process of production thereof. In the present 
invention, the inorganic oxide has a specific surface 
area of preferably from 10 to 1000 m 2 /g, more prefer- 
ably from 50 to 800 m 2 /g, and a pore volume of pre- 
ferably from 0.1 to 3 cc/g as mesured by the BET 
method (general method) in a nitrogen atmosphere. 

The substitution of the hydroxyl of the inorganic 
oxide with halogen is conducted, for example, by re- 
action of the surface hydroxyl with a reagent having 
halogen capable of substituting the hydroxyl. The re- 
agent may include halogens such as fluorine, chlor- 
ine, bromine, and iodine; hydrogen halides such as 
hydrogen fluoride, hydrogen chloride, hydrogen bro- 
mide, and hydrogen iodide; halogen-containing com- 
pounds such as phosgene, thionyl chloride, ammoni- 
um fluoride, ammonium chloride, and ammonium io- 
dide; and the like, but is not limited thereto. 

The inorganic oxide in which the hydroxyl is partly 
or entirely substituted by halogen is desirably subject- 
ed to heat treatment, as required, at a temperature of 
from 100 to 1000°C, preferably from 300 to 900°C at 
a reduced pressure or under a gas stream. The inor- 
ganic oxide may be brought into contact with a met- 
allic compound before contact with the other catalyst 
components. The metallic compound used here is 
preferably an organometallic compound, more prefer- 
ably an organoaluminum compound, but is not limited 
thereto. The inorganic oxide may be brought into con- 
tact with the above metallic compound by any meth- 
od. For example, the substances may be brought into 
contact in suspension in an organic solvent in which 
the oxide is insoluble and the metallic compound is 
soluble, or in an organic solvent in which both sub- 
stances are soluble; or otherwise the substances may 
be brought into contact with each other in substantial 
absence of a solvent for example by means of a ball 
mill or the like. 

The method of contact of the catalyst compo- 
nents is not critical. Preferably, one or more of the 
metallocene compound, the ionizing ionic compound, 
and the organometallic compound are supported on 
the inorganic oxide which has the surface hydroxyl 
substituted by halogen. The method of support in- 
cludes, for example, impregnation in a solvent, pul- 



verization-mixing by means of a ball mill, gas phase 
treatment under vacuum, and so forth. In the case 
where two or more of the catalyst components are 
supported on the supporting inorganic oxide, the re- 

5 spective components may be successively deposited 
on the oxide by the aforementioned method, or other- 
wise the components may be simultaneously depos- 
ited. The catalyst components may also be immobil- 
ized by preliminary polymerization. 

10 The molar ratio of the metallocene compound and 
the ionizing ionic compound in the preparation of the 
catalyst of the present invention is not critical. The 
molar ratio of the metallocene compound to the ion- 
izing ionic compound, however, is preferably in the 

15 range of from 1:0.01 to 1:1000, more preferably from 
1 :0.2 to 1 : 1 00. The amount of the organometallic com- 
pound is not critical. Preferably, the molar ratio of the 
metallocene compound to the organometallic com- 
pound is in the range of from 1:0.1 to 1:10000. 

20 Olefins which are polymerizable in the present in- 

vention includes a-olefins such as ethylene, propy- 
lene, 1-butene, 4-methyM-pentene, and 1-hexene; 
conjugated and unconjugated dienes such as buta- 
diene, and 1,4-hexadiene; styrene; cyclic olefins 

25 such as cyclobutene; and so forth, and mixtures of 
two or more thereof. 

The polymerization of olefin in the present inven- 
tion may be conducted either in the liquid phase or in 
the gas phase. The solvent for the liquid phase poly- 

30 merization may be any conventionally used organic 
solvent, specifically including benzene, toluene, xy- 
lene, pentane, hexane, methylene chloride, etc., or 
otherwise the olefin itself. 

The polymerization temperature is preferably in 

35 the range of from -100°C to 230°C, but is not limited 
thereto. 

The present invention will now be described more 
specifically by reference to examples without limiting 
the invention thereto in any way. 

40 The "xylene-soluble matter content 11 (hereinafter 

referred to as n Xy M ), which is a measure of regularity, 
is measured as follows. 4 grams of a polymer is dis- 
solved in 200 ml of xylene, and the solution is kept 
standing at 25°C in a thermostat for one hour. The 

45 precipitate is removed by filtration. The filtrate is re- 
covered and the xylene is evaporated off. The evap- 
oration residue is dried in vacuo. The ratio of the dried 
matter to the original sample represents the xylene- 
soluble matter content 

50 

Example 1 

The procedures of polymerization, reaction, and 
solvent purification were conducted in an inert atmos- 
55 phere. The solvent used in the reaction was purified, 
dried, and/or deoxygenated preliminarily in a conven- 
tional method. The compounds used in the reactions 
were synthesized and identified by conventional 
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methods. 

(Preparation of Solid Catalyst components) 

Into a 300-ml glass vessel, were placed 5.0 g of 
Y-alumina which had been subjected to fluoride treat- 
ment with NH 4 F (calcined at 900°C for 6 hours), 10.4 
ml of trimethyialuminum solution in toluene (20 % by 
weight), and 50 ml of toluene. The mixture was treat- 
ed for one hour at room temperature, and further at 
80°C for one hour. Then the supernatant liquid was re- 
moved by decantation. The resulting solid was wash- 
ed with toluene until no unreacted trimethyialuminum 
was detected in the washings. 

In a 300-ml glass vessel, were placed 2.0 g of the 
above treated fluoride-treated alumina, 37 mg of 
ethylene-bis(indenyl)zirconium dichloride, 340 mg of 
(PhNMe 2 H)(B(C 6 F5)4), 81 mg of triethylaluminum, 
and 100 ml of toluene, and the mixture was allowed 
to react at room temperature for 60 minutes. The su- 
pernatant liquid was removed by decantation, and the 
solid matter was washed with 80 ml of toluene. The 
resulting solid was dried at a reduced pressure. The 
solid catalyst component (1) produced contained 0.5 
% by weight of zirconium, and 0.1 % by weight of bor- 
on. 

(Polymerization of Propylene) 

In a 2-liter autoclave, 500 ml of toluene and 0.15 
mmol of triisobutylaluminum were stirred for 10 min- 
utes. To this solution in the autoclave, were charged 
32 mg of the solid catalyst component (1) obtained 
above, and a solution of 0.15 mmol of triisobutylalu- 
minum in 20 ml of toluene. Further thereto, 1000 ml 
of propylene was charged, and polymerization of pro- 
pylene was allowed to proceed at 80°C for 30 min- 
utes. 

Polypropylene was obtained in a yield of 36 g. 
The polymerization activity corresponded to 44 kg- 
/mmol-Zr.hr. The polypropylene had Xy of 14.8 %, a 
melting point of 1 27°C, and a heat of fusion of 87 J/g. 

Comparative Example 1 

(Preparation of Solid Catalyst Component) 

The catalyst was prepared in the same manner as 
in Example 1 except that y-alumina (calcined at900°C 
for 6 hours) was used in place of the NH 4 F-treated 
alumina described in "preparation of solid catalyst 
component" in Example 1t The solid catalyst compo- 
nent (1C) produced contained zirconium at a content 
of 0.3 % by weight, and boron at a content of 0.2 % 
by weight 



(Polymerization of Propylene) 

In a 2-liter autoclave, 500 ml of toluene and 0.15 
mmol of triisobutylaluminum were stirred for 10 min- 

5 utes. To this solution in the autoclave, were charged 
28 mg of the solid catalyst component (1C) prepared 
above, and a solution of 0.15 mmol of triisobutylalu- 
minum in 20 ml of toluene. Further thereto, 1000 ml 
of propylene was charged, and polymerization of pro- 

w pylene was allowed to proceed at 80°C for 30 min- 
utes. 

Polypropylene was obtained in a yield of 8.3 g. 
The polymerization activity corresponded to 21 kg- 
/mmol-Zr.hr. The polypropylene had Xy of 11.3 %, a 
15 melting point of 1 27°C, and a heat of fusion of 93 J/g. 

Example 2 

(Polymerization of Ethylene) 

20 

In a 2-liter autoclave, 500 ml of toluene and 0.75 
mmol of triisobutylaluminum were stirred for 10 min- 
utes. To this solution in the autoclave, were charged 
30 mg of the solid catalyst component (1 ) obtained in 

25 "preparation of solid catalyst component" in Example 
1 , and a solution of 0.1 5 mmol of triisobutylaluminum 
in 20 ml of toluene. Further thereto, ethylene was fed 
to keep the internal pressure of the autoclave at 4 
kg/cm 2 G, and polymerization of ethylene was allowed 

30 to proceed at 80°C for 30 minutes. 

Polyethylene was obtained in a yield of 61 g. The 
polymerization activity corresponded to 79 kg/mmol- 
2r.hr. 

35 Comparative Example 2 

(Polymerization of Ethylene) 
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In a 2-liter autoclave, 500 ml of toluene and 0.75 
mmol of triisobutylaluminum were stirred for 10 min- 
utes. To this solution in the autoclave, were charged 
28 mg of the solid catalyst component (1C) obtained 
in "preparation of solid catalyst component" in Com- 
parative Example 1, and a solution of 0.15 mmol of 
triisobutylaluminum in 20 ml of toluene. Further there- 
to, ethylene was fed to keep the internal pressure of 
the autoclave at 4 kg/cm 2 G, and polymerization of 
ethylene was allowed to proceed at 80°C for 30 min- 
utes. 

Polyethylene was obtained in a yield of 23 g. The 
polymerization activity corresponded to 59 kg/mmol- 
Zr.hr. 

Example 3 

(Preparation of Solid Catalyst Component) 



The catalyst was prepared in the same manner in 
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Example 1 except that dimethylsilanediylbis(2,4-di- 
methylcyclopentadienyi)zirconium dichloride was 
used in place of ethyienebis(indenyl)zirconium di- 
chloride in "preparation of solid catalyst component 0 
in Example 1. The solid catalyst component (3) con- 
tained zirconium at a content of 0.4 % by weight, bor- 
on at a content of 0.1 % by weight. 

(Polymerization of Propylene) 

In a 2-liter autoclave, 500 ml of toluene and 0.15 
mmol of triisobutyialuminum were stirred for 10 min- 
utes. To this solution in the autoclave, were charged 
16 mg of the solid catalyst component (3) obtained in 
the above "preparation of solid catalyst component", 
and a solution of 0.15 mmol of triisobutyialuminum in 
20 ml of toluene. Further thereto, 1000 ml of propy- 
lene was charged, and polymerization of propylene 
was allowed to proceed at 60°C for 30 minutes. 

Polypropylene was obtained in a yield of 460 g. 
The polymerization activity corresponded to 1 300 kg- 
/mmol-Zr.hr. The polypropylene had Xy of 2.2 %, a 
melting pointof 1 50°C, and a heat of fusion of 1 30 J/g. 

Comparative Example 3 

(Polymerization of Propylene) 

In a 2-liter autoclave, were placed 500 ml of tol- 
uene, 0.30 mmol of triisobutyialuminum, and 0.16 mg 
of dimethylsilanediylbis(2,4-dimethylcyclopentadie- 
nyl)zirconium dichloride. Further thereto, a solution of 
1.6 mg of (PhNMe 2 H)(B(C 6 F 5 )4) in 10ml of toluene 
was added. No oxide was used in this example. The 
solution was stirred for several minutes. Into the au- 
toclave, 1000 ml of propylene was charged, and poly- 
merization of propylene was allowed to proceed at 
60°C for 30 minutes. 

Polypropylene was obtained in a yield of 39 g. 
The polymerization activity corresponded to 195 kg- 
/mmol-Zr.hr. The polypropylene had Xy of 1.3 %, a 
melting pointof 152°C, and a heat of fusion of 124 J/g. 

Example 4 

(Polymerization of Ethylene) 

In a 2-liter autpclave, 500 ml of toluene and 0.75 
mmol of triisobutyialuminum were stirred for 10 min- 
utes. To this solution in the autoclave, were charged 
28 mg of the solid catalyst component (3) obtained in 
"preparation of solid catalyst component 11 in Example 
3, and a solution of 0.15 mmol of triisobutyialuminum 
in 20 ml of toluene. Further thereto, ethylene was fed 
to keep the internal pressure of the autoclave at 4 
. kg/cm2G, and polymerization of ethylene was allowed 
to proceed at 80°C for 30 minutes. 

Polyethylene was obtained in a yield of 34 g. The 
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polymerization activity corresponded to 76 kgVmmol- 
2r.hr. 

The catalyst of the present invention, which is 
prepared by contact of a metailocene compound, an 
ionizing ionic compound, an organometallic com- 
pound, and an inorganic oxide in which the surface 
hydroxyl is partly or entirely substituted by halogen, 
gives polyolef in having excellent physical properties 
efficiently in a well-regulated powder shape. 



Claims 

1 . A catalyst for polymerisation of olefin comprising 
a metailocene compound, an ionising ionic com- 
pound, an organometallic compound, and an in- 
organic oxide characterised in that the inorganic 
oxide has oxide or hydroxyl. groups substituted 
partly or entirely by halogen atoms. 

2. A catalyst as claimed in claim 1 characterised in 
that the metailocene compound is represented by 
the general formula (1) below: 

Cp 2 MX 2 (1) 
where each of Cp is independently a substituted 
orunsubstituted cyclopentadienyl, indenyl, orflu- 
orenyl group, and both Cp may be linked togeth- 
er; M is titanium, zirconium, or hafnium; and each 
X is independently halogen, an alkoxy group, an 
amino group, or an amide group. 

3. A catalyst as claimed in claim 1 or claim 2 char- 
acterised in that the ionizing ionic compound is 
represented by the general formula (2) below: 

(C + )(A") (2) 
where (C+) is a cation, and (A~) is an anion. 

4. A catalyst as claimed in claim 1 1 2 or 3 character- 
ised in that the organometallic compound is rep- 
resented by the general formula (3) below: 

M'R 3 (3) 
where M' is a metal capable of forming M'-R bond 
which is reactive to M-X bonding of the metailo- 
cene compound, and each R is independently a 
hydrocarbon group, halogen, hydrogen, an amino 
group, an alkoxy group, or an aryl group, at least 
one R being a hydrocarbon group. 

5. A method of preparing a catalyst for polymerisa- 
tion of olefin, characterised in that it comprises 
bringing into contact together a metailocene com- 
pound, an ionising ionic compound, an organo- 
metallic compound, and an inorganic oxide: 

the metailocene compound being represented by 
the general formula (1) below: 

Cp 2 MX 2 (1) 
where each of Cp is independently a substituted 
orunsubstituted cyclopentadienyl, indenyl, or flu- 
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orenyl group, and both Cp may be linked togeth- 
er; M is titanium, zirconium, or hafnium; and each 
X is independently halogen, an alkoxy group, an 
amino group, or an amide group, 
the ionising ionic compound being represented 5 
by the general formula (2) below: 
(C + )(A-) (2) 
where (C*) is a cation, and (A") is an anion, 
the organometallic compound being represented 
by the general formula (3) below: w 

M'R 3 (3) 
where M f is a metal capable of forming M'-R bond 
which is reactive to M-X bonding of the metallo- 
cene compound, and each R is independently a 
hydrocarbon group, halogen, hydrogen, an amino 1 5 
group, an alkoxy group, or an aryl group, at least 
one R being a hydrocarbon group, and the inor- 
ganic oxide having surface hydroxyl substituted 
partly or entirely by halogen. 

20 

6. A process for polymerisation of olefins, charac- 
terised in that it comprises polymerising the olefin 
in the presence of a catalyst as claimed in claim 
1 , 2, 3 or 4 or a catalyst prepared by a method as 
claimed in claim 5. 25 
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